Abstract: Films of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) -PHBV with polyethylene glycol (PEG) were prepared by casting solvent evaporation. The thermal behavior, morphology, crystallinity and molecular weight of these films were studied by the following techniques: differential scanning calorimetry (DSC), scanning electron microscopy (SEM), X-ray diffraction (XRD), size exclusion chromatography (SEC). Mixtures of PHBV/PEG showed a high crystallinity degree, measured by XRD, with values ranging between 60 and 90% according to the concentration of PEG. The melting temperature of PHBV decreased with increasing addition of plasticizer (PEG) in the mixture. SEM results showed that the mixtures were uniform, except for the composition 50/50 which proved to be heterogeneous, as evidenced by the presence of two phases. PHBV had molar mass (Mw = 206000 g mol ). The addition of PEG caused the crystallinity of the polymer films to increase owing to the high crystallinity of PEG. The melting point of the PHBV/PEG mixtures also diminished. In addition, SEC analysis of the blends indicated a reduced molar mass for the mixtures in comparison to pure PHBV (100/0).
Introduction
The polyhydroxyalkanoates (PHAs) are natural substances accumulated inside the cells as a reserve carbon and energy under particular conditions of growth [1] . There is a significant interest in the study of PHAs due to its commercial value as biodegradable thermoplastic being a potential alternative to replace the use of plastics derived from petroleum. Poly(3-hydroxybutyrate) -P(3HB) is the best characterized PHA and many bacteria are able to synthesize it, however, this biopolymer has no industrial properties interesting (hard and brittle). The incorporation of 3-hydroxyvalerate (3HV) in the production of the copolymer poly(3-hydroxybutyrateco-3-hydroxyvalerate) -PHBV, results in the formation of a polymer with the most interesting features of the industrial point of view [2] . While P(3HB) homopolymer has a melting temperature (T m ) around 173-180 °C and a glass transition temperature (T g ) of about -5 to 5 °C, the addition of 3HV, reduces the melting temperature of crystals, the module and tensile strength and at the same time increases flexibility, impact resistance and ductility. With the increase of 3HV, the melting temperature decreases ranging from 75 to 170 °C depending on the percentage of 3HV in the copolymer. This is particularly beneficial, because with the decrease in melting temperature, the copolymer can be processed at lower temperatures, reducing significantly the thermal degradation. The crystallinity degree of PHBV is around 39-69% depending on the percentage of the respective monomers. The high percentage of 3HV decreases the crystallinity making the polymer more flexible [3] . The PHAs are thermoplastic biocompatible, nontoxic, biodegradable and can be produced from renewable sources. They have a high degree of polymerization are highly crystalline, optically active, isotactic and insoluble in water [4] . Due to their biocompatibility, the PHAs can be used in controlled release of drugs, hormones, insecticides and herbicides.
In general, matrices consisting of PHAs have a high crystallinity degree, justifying its slow degradation, making the attack of enzymes more difficult. Thus, the surface modification with hydrophilic polymers such as PEG has been explored in order to obtain particles that escape from capture and recognition by phagocytic cells after in vivo administration, staying for a longer timer in the systemic circulation [5] . PEG has outstanding properties, including good solubility in water and in organic solvents, a lack of toxicity, and no antigenicity, and, consequently, no immunogenicity, all of which are essential properties for drug formulations. In addition, PEG is hydrophilic and not biodegradable.
PEG has been commonly applied in a wide range of human intravenous formulations and veterinary pharmaceuticals and so far has been considered as immunologically safe, being eliminated from the body intact by the kidneys. More recently, PEG has been identified as a therapeutic agent to have a variety of experimental settings and veterinary therapy [6] . 
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In order to obtain a new material with better properties PHBV/PEG mixtures in different proportions prepared by casting were characterized by XRD, SEM, DSC and SEC.
Experimental

Materials
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)-PHBV was provided by PHB Industrial -SP (M W = 207000 with 3.6% 3HV). Polyethylenoglycol -PEG (M W = 1350 -1650) was supplied by Cromato Chemicals Ltda.
Films preparation
Films of PHBV/PEG with weight ratios of 100/0, 98/02, 95/05, 90/10, 80/20, 20/80, 50/50, 20/80 and 100/0, were prepared by solvent casting. PHBV and PEG were dissolved separately in chloroform to form 5% (w/v) solutions. PHBV was dissolved in chloroform at 80 °C under constant agitation. PEG was also dissolved in chloroform, but at a temperature of 25 °C under agitation. The solutions with the different compositions were made by mixing of the appropriate amounts of the separate solutions and after magnetic mixing for 2 h until completely homogenized at room temperature. The mixture was poured in a Petri dish with 10 cm in diameter and placed in an evaporator system with chloroformsaturated atmosphere for 96 h. The films were dried in a vacuum oven at 30 °C for 24 h at 500 mmHg to remove excess chloroform and stored in a desiccator.
Films characterization
PHBV/PEG mixtures were characterized by X-ray diffractometry (DRX), scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and size exclusion chromatography (SEC).
DSC measurements were performed with a DSC of TA instruments. Samples of 5 mg sealed in aluminum pans were heated from ambient temperature to 190 °C at heat rating of 10 °C min -1 . Subsequently, they were cooled to -90 at 20 °C min -1 . The second heating was recorded from -90 to 190 °C at 10 °C min SEM was carried out to examine the phase morphology of the films. A scanning electron microscopy (Zeiss DSM 940A) operated at 20 kV was used to observe the superior surface of samples, coated with a thin layer of gold by vacuum deposition using a Sputter Coater BAL-TEC SCD 050.
Molecular weights (weight-average molecular weight -M w , number-average molecular weight -M n ; peak molecular weight -M p and polydispersity index -I p ) were determined by SEC using an HPLC model D-7000IF (Merck Hitachi with refractive index detector RID 71) operating with chloroform as solvent and PS standards were used for calibration. 
Results and Discussion
X-ray diffractometry -DRX
As it is observed in Figures 1 and 2 the crystallinity degree of the mixtures calculated by XRD varied from 60 to 90%. Up to 10% of PEG in the mixture, the crystallinity of the polymer remained at around 75%, similar to pure PHBV. Between 20 and 50% of PEG in the mixture, it was notice a decrease in the crystallinity degree with values around 60%. Adding 80% of PEG, the crystallinity increased to approximately 90%. This profile can be explained due to high PEG crystallinity. The diffraction profile for the neat homopolymers and the mixtures is shown in Figure 2 . As can be seen, the diffraction peaks appear at 2θ around 13.5, 16.9, 20, 22, 25.5, 27 and 30° for the PHBV [4] and PEG shows two main peaks at 2θ around 9.5° and 11.5° [ 7] .
Differential scanning calorimetry -DSC
DSC thermograms of the second heating scan for the PHBV/PEG mixtures are shown in Figure 3 and data obtained from DSC curves are shown in Table 1 . The neat PHBV showed an endothermic peak corresponding to a melting temperature (T m ) at 172.2 °C, a second peak at lower temperature (163.2 °C) and a glass transition temperature (T g ) at 2.6 °C. The double melting peaks of PHBV were caused by melting, recrystallization and remelting during heating [8] . The T m of PHBV remained constant with the addition of up to 10% of PEG. For the sample with 20% of PEG the Tm of PHBV decreased by 3.4 °C from 172.2 °C to 168.8 °C. With 50 and 80% of PEG, the Tm of PHBV decreased by 14.5 °C and 27.2 °C, respectively.
The T m of the PHBV/PEG mixtures decreased as it was expected considering PEG addition, since it is used as a plasticizer. Usually, the plasticizers weakened the intermolecular forces between the adjacent polymer chains. Consequently, there was a change in free volume with reduction of the melting temperature (T m1 and T m2 ) [6] . For PHBV the use of plasticizers has a similar effect to increasing molar concentration of 3HV. The decrease in T g can be explained by the use of plasticizer (PEG), this occurs due to increased movement of the chains, because the plasticizer reduces the severity of intermolecular forces. Besides the plasticizer increases the impact strength and ductility at low temperatures [9] . However, the T g can not be determined due to high crystallinity of the polymers.
Scanning electron microscopy -SEM
The phase morphology of the PHBV/PEG mixtures is shown in Figure 4 . The melting temperature of PHBV has had a pronounced decrease with increasing concentration of PEG in the sample, indicating miscibility of polymers. The SEM micrographs of surface revealed that the PHBV morphology is distinct from the PEG morphology. For the mixtures with less than 20% of PEG we cannot distinguish the presence of two distinct phases, observing a very homogeneous morphology (Figures 4b-e) , due to the low percentage of PEG in the samples. For the sample with high percentage of PEG the dominant morphology is more similar to the component that is in the highest percentage (PEG). However, for the sample 50/50 (Figure 4f ), we can observe clearly two phases, due to the equivalent percentage of the components in the sample. 
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Size exclusion chromatography -SEC
The SEC curves of PHBV/PEG mixtures are illustrated in Figure 5 . O PHBV showed M w = 206000, while the PEG has M w = 1350-1650 (Cromato Chemicals). PHBV and PEG showed one peak, respectively. Nevertheless, PHBV/PEG mixtures showed two well-resolved elution peaks, respectively. One peak with much longer elution time was assigned to the PEG, another elution peak with less elution time was assigned to the PHBV which has higher molecular weight in comparison with original PEG. It is observed that the peak of PHBV decreases in intensity with increasing content of PEG in the sample, and lower molar masses, ie with higher content of PEG showed higher peaks due to the retention time of the sample is larger.
Conclusions
All samples exhibited a high crystallinity degree determined by XRD, due to the high crystallinity of PEG. The mixtures were uniform, except the 50/50 composition showed that presence of two phases. The SEC indicated that the mixtures have lower molar masses than the pure PHBV.
